INTRODUCTION
============

During the malignant transformation process, normal cells acquire the capability to sustain growth signaling by oncogenic activation of mitogenic genes ([@ref17]; [@ref18]). However, previous studies showed that cells having the intact DNA damage response (DDR) pathway and high levels of p16^INK4A^ expression undergo senescence in response to strong mitogenic signals caused by several mitogenic oncogenes including H-RAS^V12^ ([@ref5]; [@ref6]; [@ref10]; [@ref12]; [@ref30]; [@ref31]). This phenomenon named as oncogene-induced senescence (OIS) is reported in cultured cells as well as in premalignant tissues from mice and humans ([@ref30]; [@ref31]). Therefore, OIS is thought to be a barrier to malignant transformation by eliminating premalignant cells via the immune system ([@ref16]; [@ref21]).

p53, the best-known tumor suppressor, plays a key role in the OIS. Sustained growth signals by those mitogenic oncogenes results in the DNA replication stress and DNA double-strand breaks, which triggers the DDR involving p53 activation ([@ref4]; [@ref5]; [@ref11]). Then, as a transcription factor, p53 moves to the nucleus and binds to the promoter of senescence-mediating target genes such as p21^*WAF1/CIP1*^, resulting in OIS (Campisi and d\'Adda di Fagagna, 2007; [@ref26]). In normal mouse or rat fibroblasts, p53 knockout can overcome OIS and induce malignant transformation ([@ref2]; [@ref31]). In normal human fibroblasts, p53 knockout can or cannot overcome OIS ([@ref5]; Campisi and d\'Adda di Fagagna, 2007; [@ref11]; [@ref27]; [@ref31]), and malignant transformation additionally requires inactivation of pRb and PP2A as well as activation of telomerase ([@ref2]; [@ref37]).

Chaperone proteins bind their substrate proteins to assist the substrate protein's proper folding, oligomeric assembly, protein trafficking, or degradation. The heat shock protein 70s (HSP70s), the major chaperones in most eukaryotes, have the ATPase domain and interconvert between the ATP-bound low affinity state and the ADP-bound high affinity state for the substrate proteins. DNAJ proteins are co-chaperones that regulate the activity of HSP70s: they bind to HSP70s and promote the ATPase activity, which leads to the conversion of HSP70s from the low affinity state to the high affinity state ([@ref19]). Human has been reported to have at least 41 DNAJ proteins. They commonly have the J domain, which is an essential region for binding to HSP70s and enhancing the ATPase activity ([@ref29]).

DNAJB9, a member of the DNAJ protein family, also has the J domain consisting of 70 amino acids ([@ref29]; [@ref35]). It has been reported that DNAJB9 is an endoplasmic reticulum (ER)-resident protein and has a co-chaperone activity for binding immunoglobulin protein (BiP), the major HSP70 in the ER ([@ref29]; [@ref32]; [@ref35]). In addition, DNAJB9 has been reported to prevent cell death induced by tunicamycin, an ER stressor, in SK-N-SH cells ([@ref24]), but the cellular function of this protein has been largely unknown.

We have previously reported that DNAJB9 inhibits p53-dependent apoptosis under genotoxic conditions ([@ref25]), leading us to hypothesize that DNAJB9 might contribute to cell transformation by regulating the pro-senescent function of p53 under strong mitogenic signals. In this study, we investigate this possibility and provide evidence that DNAJB9 inhibits p53-dependent OIS and induces cell transformation under strong mitogenic signals.

MATERIALS AND METHODS
=====================

Cell culture
------------

Mouse embryonic fibroblasts (MEFs) ([@ref20]), human diploid fibroblasts (HDFs) ([@ref22]), and Saos-2 cells were maintained in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (\#F60001; Median Life Science, USA), penicillin (100 units/ml), and streptomycin (100 units/ml) in a 5% CO~2~ incubator.

Retroviruses
------------

cDNAs of human DNAJB9, H-RAS^V12^, p53, and SV40 LT were cloned into the pMSCVpuro vector (Clontech, USA), and retroviruses were produced in H29D packaging cells as described previously ([@ref28]). Conditioned media containing retroviruses were collected and administered into cells in the presence of 2 μg/ml polybren. Cells were selected in 1 μg/ml puromycin for 2 days and then seeded for various assays.

SA-β-gal staining
-----------------

Senescence-associated β-galactosidase (SA-β-gal) staining was carried out at pH 6.0 as described previously ([@ref13]). Briefly, cells were washed with phosphate-buffered saline (PBS), fixed in 3% formaldehyde for 5 min, and then stained at 37°C in a solution containing 1 mg/ml X-gal, 40 mM citric acid/sodium phosphate, pH 6.0, 5 mM potassium ferrocyanide, 5 mM potassium ferricyanide, 150 mM sodium chloride and 2 mM magnesium chloride ([@ref22]). After 24 h, cells were photographed at 100× magnification using an Olympus CKK41SF light microscope (Olympus, Japan). Cells (100-200 cells per sample) were examined and the ratios of stained cells were calculated.

Western blot analysis
---------------------

Cells were lysed in a lysis buffer (150 mM NaCl, 50 mM Tris--HCl, 1% NP-40, 0.25% sodium deoxycholate, and 0.1% SDS) with 1 mM PMSF, 1 µg/ml aprotinin, 1 µg/ml leupeptin and 1 µg/ml pepstatin. Proteins were resolved on 10% or 12% SDS--polyacrylamide gels and transferred to PVDF membranes, which were probed with specific antibodies. The immunoreactive protein complexes were detected by enhanced chemiluminescence (Amersham Bioscience, UK) ([@ref9]). The specific antibodies used in this study were as follows: an anti-DNAJB9 polyclonal antibody raised against a synthetic peptide ([@ref24]; [@ref25]), an anti-Pan-Ras monoclonal antibody (OP40; Calbiochem, USA), an anti-p53 polyclonal antibody (sc-6243; Santa Cruz Biotechnology, USA), an anti-phospho-p53 (Ser15) polyclonal antibody (\#9284; Cell Signaling Technology, USA), an anti-p21^WAF1/CIP1^ polyclonal antibody (sc-397; Santa Cruz Biotechnology), and an anti-β-actin monoclonal antibody (sc-81178; Santa Cruz Biotechnology).

Immunoprecipitation
-------------------

MEFs infected with retroviruses were lysed in a lysis buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1% NP-40, 0.25% sodium deoxycholate, 0.1% SDS, 50 mM NaF, 1 mM sodium orthovanadate, and a protease inhibitor cocktail). Cell lysates were precleared and incubated with an anti-DNAJB9 polyclonal antibody raised against a synthetic peptide ([@ref24]; [@ref25]) at 4°C overnight, followed by mixing with 20 µl of Protein A/G PLUS-agarose beads (sc-2003; Santa Cruz Biotechnology) for 2 h at 4°C. The beads were collected and washed with the lysis buffer. Then, bead-bound proteins were subjected to western blot analysis using an anti-p53 monoclonal antibody (1c12, \#2524; Cell Signaling Biotechnology, USA) and the anti-DNAJB9 polyclonal antibody.

Confocal microscopy
-------------------

MEFs infected with retroviruses were seeded onto 18 mm coverslips and cultured overnight. The next day, cells were fixed with 3.7% formaldehyde and permeabilized with 0.2% Triton X-100. After blocking with 2% bovine serum albumin, cells were incubated with an anti-DNAJB9 polyclonal antibody (1:100) and an anti-p53 monoclonal antibody (1c12, \#2524, 1:100) at 4°C overnight. Cells were then incubated with a TRITC-conjugated anti-rabbit IgG (A-21428, 1:200; Invitrogen, USA) or a FITC-conjugated anti-mouse IgG (F6257, 1:200; Sigma-Aldrich, USA) for 1 h at room temperature. After the nuclei were stained with 1 µg/ml DAPI (D9542; Sigma-Aldrich) for 10 min, cell images were taken with a confocal microscope (Carl Zeiss, Germany) ([@ref23]; [@ref25]).

Soft agar assay
---------------

MEFs (2.5 × 10^4^ cells) were suspended in culture medium with 0.35% low-melting agarose and seeded on the 0.5% solidified agarose (Sigma-Aldrich). After 4 to 5 weeks, the total number of foci per sample was counted using an Olympus CKK41SF light microscope at 100× magnification.

*In vivo tumor formation assay*
-------------------------------

All procedures were approved by the Institutional Animal Care and Use Committee of the Kangwon National University (KW-140521-1) and were conducted in accordance with the Guidelines for the Care and Use of Laboratory Animals. Female BALB/c nude mice were purchased from Nara Biotech (Korea). Four mice per group were injected in each flank with 1 × 10^6^ cells in 100 µl of PBS. Tumor volumes were calculated with the formula x^2^ × y/2, where x is the width and y is the length as described ([@ref33]).

Statistical analysis
--------------------

We performed non-parametric Kruskal--Wallis tests for entire dataset and Wilcoxon rank sum tests for specific two groups of interest by using the RStudio program ver. 1.2.1355 (RStudio, USA; <https://www.rstudio.com>). Differences between groups were considered statistically significant when the P values were \< 0.05 ([@ref9]).

RESULTS
=======

DNAJB9 overexpression inhibits oncogene-induced senescence under oncogenic RAS activation
-----------------------------------------------------------------------------------------

Activation of mitogenic oncogenes such as *H-RAS* ^V12^ results in OIS in normal cells ([@ref12]; [@ref16]). Therefore, to investigate the cellular function of DNAJB9 under strong mitogenic signals, we first investigated the role of DNAJB9 in OIS induced by H-RAS^V12^. When we infected MEFs with retroviruses expressing H-RAS^V12^, it was observed that cell proliferation ceased and the ratios of senescence-associated β-galactosidase (SA-β-gal) (+) cells increased as described ([@ref31]). In contrast, when we transfected MEFs with both DNAJB9 and H-RAS^V12^, cells proliferated well and the SA-β-gal (+) cell ratios were reduced to basal levels ([Figs. 1A](#F1){ref-type="fig"}-[1C](#F1){ref-type="fig"}). In addition, expression of senescence-mediating genes such as *p*53 and *p*21^*WAF1/CIP1*^ as well as the phosphorylation of *p*53 were increased by H-RAS^V12^ transfection as expected ([@ref31]). Intriguingly, expression of *p*21^*WAF1/CIP1*^―a known senescence-mediating target gene of *p*53―decreased in the DNAJB9/H-RAS^V12^-transfected MEFs compared to the H-RAS^V12^-transfected MEFs without alterations in the level of total and phosphorylated *p*53 ([Fig. 1D](#F1){ref-type="fig"}). These results suggest that DNAJB9 inhibits OIS under strong mitogenic signals by inhibition of the *p*53-dependent senescence in normal murine cells.

To examine the role of DNAJB9 under mitogenic oncogene activation in normal human cells, we infected HDFs with retroviruses expressing H-RAS^V12^. It was observed that cell proliferation ceased and the SA-β-gal (+) cell ratios increased by the H-RAS^V12^ transfection. However, when we transfected HDFs with both DNAJB9 and H-RAS^V12^, cells proliferated well and the SA-β-gal (+) cell ratios were reduced to basal levels ([Figs. 1E](#F1){ref-type="fig"}-[1G](#F1){ref-type="fig"}). In addition, expression levels of *p*53 and *p*21^*WAF1/CIP1*^ were increased by H-RAS^V12^ transfection. Again, expression levels of *p*21^*WAF1/CIP1*^ decreased in the DNAJB9/H-RAS^V12^-transfected HDFs compared to the H-RAS^V12^-transfected HDFs ([Fig. 1H](#F1){ref-type="fig"}). These results suggest that DNAJB9 inhibits OIS under strong mitogenic signals by inhibition of the *p*53-dependent senescence in normal human cells, too.

DNAJB9 overexpression inhibits p53-induced senescence
-----------------------------------------------------

To confirm the inhibitory effect of DNAJB9 on the p53-dependent senescence, we examined the role of DNAJB9 in the senescence induced by p53 overexpression. When we infected MEFs with retroviruses expressing p53, it was observed that cell proliferation ceased and the ratios of SA-β-gal (+) cells increased as expected ([@ref14]). In contrast, when we transfected MEFs with both DNAJB9 and p53, cells proliferated well and the ratios of SA-β-gal (+) cells were reduced to basal levels ([@ref31] [Figs. 2A](#F2){ref-type="fig"}-[2C](#F2){ref-type="fig"}). In addition, expression levels of p21^WAF1/CIP1^ were reduced in the DNAJB9/p53-transfected MEFs compared to the p53-transfected MEFs ([Fig. 2D](#F2){ref-type="fig"}). These results suggest that DNAJB9 inhibits p53-induced senescence, supporting our conclusion that DNAJB9 inhibits OIS by inhibition of the p53-dependent senescence.

To further verify the effect of DNAJB9 on p53-induced senescence, we monitored the effect of DNAJB9 overexpression in p53-null Saos-2 cells. When we infected retroviruses expressing p53 in Saos-2 cells, cell proliferation ceased and the SA-β-gal (+) cell ratios increased as expected. In contrast, when we transfected Saos-2 cells with both DNAJB9 and p53, cells proliferated well and the SA-β-gal (+) cell ratios were reduced to basal levels ([Figs. 2E](#F2){ref-type="fig"} and [2F](#F2){ref-type="fig"}). These results confirm that DNAJB9 inhibits p53-induced senescence, again supporting our conclusion that DNAJB9 prevents OIS by inhibition of the p53-dependent senescence.

DNAJB9 overexpression induces neoplastic transformation with H-RAS^V12^ in MEFs
-------------------------------------------------------------------------------

Since overcoming OIS is sufficient to induce malignant transformation in normal rodent cells ([@ref2]; [@ref31]), we then investigated whether DNAJB9 could induce transformation in MEFs.

When we transfected MEFs with H-RAS^V12^, cells rarely formed foci on the soft agar as expected. In contrast, when we transfected MEFs with both DNAJB9 and H-RAS^V12^, cells readily formed foci on the soft agar as the simian virus 40 large T (SV40 LT)/H-RAS^V12^-transfected MEFs, the positive control, did ([@ref14] [Figs. 3A](#F3){ref-type="fig"} and [3B](#F3){ref-type="fig"}). In addition, the DNAJB9/H-RAS^V12^-transfected MEFs readily formed tumors in all injected sites of nude mice as the SV40 LT/H-RAS^V12^-transfected MEFs did ([Figs. 3C](#F3){ref-type="fig"}-[3E](#F3){ref-type="fig"}). These results suggest that DNAJB9 induces cell transformation under strong mitogenic signals.

DNAJB9 overexpression inhibits p53- and H-RAS^V12^-induced senescence by physical interactions with p53
-------------------------------------------------------------------------------------------------------

We next investigated the mechanism by which DNAJB9 inhibits p53- and H-RAS^V12^-induced senescence. Since DNAJB9 is a molecular chaperone that has the ability to bind other proteins ([@ref19]) and it has been reported that DNAJB9 interacts physically with p53 through the J domain ([@ref25]), we assumed that DNAJB9 might inhibit the p53- and H-RAS^V12^-induced senescence through physical interactions with p53.

To test this possibility, we performed an immunoprecipitation assay using an anti-DNAJB9 antibody in MEFs. The data showed that p53 was co-precipitated with DNAJB9 under H-RAS^V12^ transfection and the amount of precipitated p53 was increased dramatically by DNAJB9 overexpression ([Fig. 4A](#F4){ref-type="fig"}). These results suggest that DNAJB9 interacts physically with p53 under strong mitogenic signals and that DNAJB9 overexpression may inhibit p53- and H-RAS^V12^-induced senescence by physical interactions with p53.

To determine the location of the DNAJB9-p53 interaction, we performed a confocal microscopy in MEFs. In the absence of H-RAS^V12^ transfection, DNAJB9 was observed in the perinuclear region as expected, while p53 was observed in the nucleus and cytoplasm. Upon H-RAS^V12^ transfection, we observed that DNAJB9 translocates to the nucleus while p53 is concentrated in the nucleus, showing that DNAJB9 co-localizes with p53 in the nucleus ([Fig. 4B](#F4){ref-type="fig"}). These results suggest that DNAJB9 interacts physically with p53 in the nucleus under strong mitogenic signals and that DNAJB9 overexpression may inhibit p53- and H-RAS^V12^-induced senescence by physical interactions with p53 in the nucleus.

To examine whether the DNAJB9-p53 interaction is involved in DNAJB9-mediated inhibition of p53- and H-RAS^V12^-induced senescence, we produced retroviruses expressing (myc)~6~-tagged DNAJB9 deletion mutants containing the full-length (FL, amino acids 1-223); the J domain (JD, amino acids 24-93); and a carboxy-terminal region (CT, amino acids 154-223) as a negative control ([Fig. 5A](#F5){ref-type="fig"}). When we infected MEFs with retroviruses expressing the DNAJB9 deletion mutants, it was observed that DNAJB9-FL and -JD prevented the p53-induced growth arrest and SA-β-gal activities, but DNAJB9-CT did not ([Figs. 5B](#F5){ref-type="fig"}-[5D](#F5){ref-type="fig"}). In addition, DNAJB9-FL and -JD prevented the H-RAS^V12^-induced growth arrest and SA-β-gal activities, but DNAJB9-CT did not ([Figs. 5E](#F5){ref-type="fig"} and [5F](#F5){ref-type="fig"}). These results demonstrate the critical role of the J domain for DNAJB9 to inhibit p53- and H-RAS^V12^-induced senescence, suggesting that DNAJB9 inhibits p53- and H-RAS^V12^-induced senescence by physical interactions with p53.

The DNAJB9-p53 interaction is involved in DNAJB9-mediated neoplastic transformation
-----------------------------------------------------------------------------------

Since our data suggest that DNAJB9 inhibits OIS by physical interactions with p53, we finally asked whether the DNAJB9-p53 interaction is involved in the DNAJB9-mediated transformation.

When we transfected MEFs with DNAJB9 deletion mutants with H-RAS^V12^, it was observed that cells transfected with DNAJB9-FL and -JD formed foci readily on the soft agar, whereas cells transfected with DNAJB9-CT did not ([@ref25] [Figs. 6A](#F6){ref-type="fig"} and [6B](#F6){ref-type="fig"}). In addition, the DNAJB9-FL and -JD-transfected MEFs formed tumors readily in all injected sites of nude mice ([Figs. 6C](#F6){ref-type="fig"}-[6E](#F6){ref-type="fig"}). These results demonstrate the critical role of the J domain for DNAJB9 to induce neoplastic transformation, suggesting that the physical interaction between DNAJB9 and p53 is involved in the DNAJB9-mediated transformation.

DISCUSSION
==========

DNAJB9 has been known to be a molecular co-chaperone that assists the function of the major chaperone BiP ([@ref3]; [@ref32]). In addition, DNAJB9 has been reported to be a survival factor preventing cell death induced by tunicamycin or DNA damaging agents ([@ref24]; [@ref25]). The cellular function of DNAJB9, however, has not been fully understood. We here report a novel function of DNAJB9, an anti-senescent factor and a proto-oncogene candidate, as evidenced by the results that DNAJB9 inhibits the H-RAS^V12^- and p53-induced senescence ([Figs. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}) and induces cell transformation ([Fig. 3](#F3){ref-type="fig"}). Since DNAJB9 is a molecular co-chaperone whose entity is to bind proteins, there is a possibility that DNAJB9 could bind not only to p53 but also to other senescence-regulating proteins including p16^INK4A^ or Rb, through which it regulates OIS and contributes to cell transformation. Further studies are required to elucidate this possibility.

We here also provided the mechanism for the DNAJB9-mediated inhibition of p53-dependent senescence and induction of cell transformation. DNAJB9 inhibits the p53-dependent senescence by physical interactions with p53 ([Figs. 4](#F4){ref-type="fig"} and [5B-5D](#F5){ref-type="fig"}), by which it prevents OIS and induces neoplastic transformation ([Figs. 5E, 5F](#F5){ref-type="fig"}, and [6](#F6){ref-type="fig"}). According to our data, DNAJB9 overexpression does not down-regulate the level of total p53 or phosphorylated p53 under H-RAS^V12^ or p53 transfection ([Figs. 1D, 1H](#F1){ref-type="fig"}, and [2D](#F2){ref-type="fig"}). This suggests that the DNAJB9-p53 interaction is not involved in p53 degradation or phosphorylation. Instead, our data show that DNAJB9 co-localizes with p53 in the nucleus under H-RAS^V12^ transfection ([Fig. 4B](#F4){ref-type="fig"}), suggesting that DNAJB9 may inhibit p53 activity through its interaction with p53 in the nucleus. Further studies are required to elucidate the exact function of DNAJB9 in the nucleus. It is worth mentioning that although both H-RAS^V12^ transfection and DNAJB9/H-RAS^V12^ transfection induce nuclear translocation of DNAJB9 ([Fig. 4B](#F4){ref-type="fig"}), H-RAS^V12^ transfection induces cell senescence whereas DNAJB9/H-RAS^V12^ transfection prevents senescence ([Fig. 1](#F1){ref-type="fig"}). As the cause of this phenomenon, we assume that the amount of endogenous DNAJB9 is not sufficient to overcome p53 activity in the nucleus of H-RAS^V12^-transfected cells, whereas the amount of DNAJB9 is sufficient to overcome p53 activity in the nucleus of DNAJB9/H-RAS^V12^-transfected cells. In line with this idea, the amount of p53 precipitated by an anti-DNAJB9 antibody is very small in H-RAS^V12^-transfected cells, whereas it is dramatically increased in DNAJB9/H-RAS^V12^-transfected cells ([Fig. 4A](#F4){ref-type="fig"}).

Intriguingly, the p53-interacting region of DNAJB9, the J domain, has a homology among the DNAJ proteins ([@ref29]; [@ref36]), suggesting that other DNAJ proteins could also inhibit p53-dependent senescence and contribute to transformation by protein-protein interactions with p53. Of note, it has been reported that DNAJA3 interacts with p53 in the mitochondria through the J domain to promote p53-dependent apoptosis under the treatment of desferroxamine mesylote, an iron chelator, in MCF-7 cells ([@ref1]; [@ref34]), suggesting that the J domain effect on p53 might vary depending on the DNAJ protein or on the location of the interaction.

Cancer studies for past decades have revealed that malignant transformation is the result from activation of oncogenes and inactivation of tumor suppressor genes ([@ref17]; [@ref18]). However, the genes involved in malignant transformation have not been fully identified. We here showed that DNAJB9 induces neoplastic transformation with H-RAS^V12^ in MEFs ([Fig. 3](#F3){ref-type="fig"}), suggesting that DNAJB9 might be a proto-oncogene being involved in human tumorigenesis. To our knowledge, the expression of DNAJB9 in human tumors has not been studied so far. As a preliminary study, therefore, we downloaded the RNA sequencing data from the TCGA website ([@ref8]; [@ref15]), and analyzed the expression of DNAJB9 in cancer tissues and their normal counterparts for cancers with more than 10 patients. The data showed that expression of DNAJB9 increases in a variety of human cancers with a fold-change ≥ 2.0 and increases in about 10% of the total 620 patients ([Supplementary Fig. S1A](#S1){ref-type="supplementary-material"}), supporting our assumption that DNAJB9 may be involved in human tumorigenesis. In addition, intriguingly, the DNAJB9 expression showed a tendency to increase more frequently in cancers with wild-type *TP53* compared to cancers with mutated *TP53* ([Supplementary Fig. S1B](#S1){ref-type="supplementary-material"}), supporting our assumption that DNAJB9 may contribute to human tumorigenesis by inhibiting p53 function. Further studies are required to elucidate the involvement of DNAJB9 in human tumorigenesis.

In conclusion, we here identified a novel cellular function of DNAJB9. Under strong mitogenic signals, DNAJB9 inhibits p53-dependent senescence by physical interactions with p53, by which it prevents OIS and contributes to cell transformation. The present study might contribute to our understanding of the cellular function of DNAJB9 and the molecular basis of cell transformation.
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======================

Note: Supplementary information is available on the Molecules and Cells website (www.molcells.org).
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![DNAJB9 inhibits H-RAS^V12^-induced senescence in MEFs (A-D) and HDFs (E-H).\
(A and E) Cells were infected with retroviruses as indicated (V, vector; JB9, DNAJB9; Ras, H-RAS^V12^). Then, 1 × 10^4^ cells were seeded and the number of cells was counted. Data are represent as mean ± SD (n = 6; \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 vs V + V; n.s, not significant). (B and F) The ratios of SA-β-gal (+) cells were calculated. Data are represent as mean ± SD (n = 8; \**P* \< 0.05 vs vector, ^\#^ *P* \< 0.05). (C and G) Representative SA-β-gal staining data were shown. Scale bars = 13.6 µm. (D and H) Western blot analysis was performed with cell lysates. β-Actin was used as a loading control.](MolCe-43-397-f1){#F1}

![DNAJB9 inhibits p53-induced senescence in MEFs (A-D) and Saos-2 cells (E and F).\
(A and E) Cells were infected with retroviruses as indicated (V, vector; JB9, DNAJB9). Then, 1 × 10^4^ cells were seeded and the number of cells was counted. Data are represent as mean ± SD for (A) and SEM for (E) (n = 5; \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 vs V + V; n.s, not significant). (B and F) The ratios of SA-β-gal (+) cells were calculated. Data are represent as means ± SD (n = 6 for Fig. 2B and n = 9 for Fig. 2F; \**P* \< 0.05, \*\*\**P* \< 0.001 vs vector, ^\#^ *P* \< 0.05, ^\#\#\#^ *P* \< 0.001). (C) Representative SA-β-gal staining data was shown. Scale bars = 13.6 µm. (D) Western blot analysis was performed with cell lysates. β-Actin was used as a loading control.](MolCe-43-397-f2){#F2}

![DNAJB9 induces neoplastic transformation with H-RAS^V12^ in MEFs.\
(A) Soft agar assay. MEFs were infected with retroviruses as indicated. Then, 2.5 × 10^4^ cells were seeded on the soft agar and the total number of foci was counted. Data are represent as mean ± SD (n = 4; \**P* \< 0.05 vs vector; n.s, not significant). (B) Representative data of soft agar assay was shown. Scale bars = 100 µm. (C-E) *In vivo* tumor formation assay. MEFs were infected with retroviruses and injected into nude mice. Total number of tumors per group (C), tumor volumes (D), and resected tumors (E) were shown. Data are represent as mean ± SEM (n = 8; \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 vs vector + vector; n.s, not significant).](MolCe-43-397-f3){#F3}

![DNAJB9 interacts physically with p53 under H-RAS^V12^ expression.\
MEFs were infected with retroviruses as indicated. (A) Cell lysates were subjected to immunoprecipitation using an anti-DNAJB9 antibody, followed by western blotting using an anti-p53 antibody (1c12) (upper panel) and the anti-DNAJB9 antibody (lower panel). (B) Confocal microscopy was performed using an anti-DNAJB9 antibody (red), an anti-p53 antibody (green), and DAPI (blue) as described in Materials and Methods section. Merged images of red and green channels were also shown. Scale bar = 50 µm. Magnification, 400×.](MolCe-43-397-f4){#F4}

![The DNAJB9-p53 interaction is involved in DNAJB9-mediated inhibition of p53- (B-D) and H-RAS^V12^-induced senescence (E and F).\
(A) A schematic representation of the structure of human DNAJB9 and its deletion mutants. (B and E) MEFs were infected with retroviruses as indicated (V, vector; Ras, H-RAS^V12^). Then, 1 × 10^4^ cells were seeded and the number of cells was counted. Data are represent as mean ± SEM (n = 15 for Fig. 5B and n = 10 for Fig. 5E; \*\**P* \< 0.01, \*\*\**P* \< 0.001 vs V + V; n.s, not significant). (C and F) The ratios of SA-β-gal (+) cells were calculated. Data are represent as mean ± SD (n = 26 for Fig. 5C and n = 8 for Fig. 5F; \*\**P* \< 0.01, \*\*\**P* \< 0.001 vs vector, ^\#\#\#^ *P* \< 0.001; n.s, not significant). (D) Representative SA-β-gal staining data was shown. Scale bars = 13.6 µm.](MolCe-43-397-f5){#F5}

![The DNAJB9-p53 interaction is involved in DNAJB9-mediated neoplastic transformation.\
(A) Soft agar assay. MEFs were infected with retroviruses as indicated. Cells were seeded on the soft agar and the total number of foci was counted. Data are represent as mean ± SD (n = 4; \**P* \< 0.05 vs vector, ^\#^ *P* \< 0.05; n.s, not significant). (B) Representative data of soft agar assay was shown. Scale bars = 100 µm. (C-E) In vivo tumor formation assay. MEFs were infected with retroviruses and injected into nude mice. Total number of tumors per group (C), tumor volumes (D), and resected tumors (E) were shown. Data are represent as mean ± SD (n = 8; \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 vs vector + vector; n.s, not significant).](MolCe-43-397-f6){#F6}
